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ABSTRACT 

A vibration analysis of the orbital workshop confi- 
guration has been performed. 
consists of the SIV-€3 stage, MDA, AM, and SIV-B solar arrays 
(deployed configuration); but with the SIV-B engine and thrust 
cone deleted. The analysis was performed by reducing an over- 
all 732 x 732 stiffness matrix to one 138 x 138 in size. 

The configuration analyzed 

Tabulated frequencies and typical mode shapes are 
included. The first 20 elastic modes are governed by the 
SIV-B solar arrays, with the lowest elastic frequency being 
0.436 Hz. This 0.436 Hz frequency compares to 0.46 Hz found 
by the Martin Company who used a different type solar array 
analysis. 
the author. 

The complete set of mode shapes are available from 
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SUBJECT: Orbital Workshop Vibration 
Analysis - Case 620 

DATE: October 21, 1969 

FROM: H. E. Stephens 

MEMORANDUM FOR FILE 

1. A vibration analysis of the orbital workshop confi- 
guration has been performed. The configuration analyzed 
consisted of the SIV-B stage, Multiple Docking Adapter (MDA), 
Airlock Module (AM), and deployed SIV-B solar arrays; but 
with the SIV-B engine and thrust cone deleted. 

2 .  A discussion of the procedure by which the stiffness 
and mass matrices were formulated is given in Attachment A. 
The composite stiffness matrix was formulated by generating 
stiffness matrices for major components and combining these 
through use of matrix reduction, axis rotation, and multipoint 
constraint techniques. The original 732 degrees-of-freedom 
were reduced to 138. The major components, or subassemblies, 
consist of MDA plus AM, AM support trusses, SIV-B stage, and 
deployed SIV-B solar arrays. 

3 .  The mass distribution used was that which was avail- 
able at the time, but updating the vibration analysis to in- 
clude revised mass distributions for the dry workshop would be 
very simple. Similarly, through the use of Guyan reduction 
and/or modal synthesis techniques, this analysis can be expand- 
ed to include the Apollo Telescope Mount (ATM) solar arrays and 
the full dry workshop configuration. 

4. As it was expected that the lower elastic frequencies 
of the solar arrays would be small, perhaps as low as the error 
in the rigid body zero frequency calculation, a frequency analy- 
sis of one of the solar arrays was performed treating it as a 
cantilever beam. The lowest elastic body frequency was found 
to be .43 Hz. In the vibration analysis for the total structure, 
the lowest elastic frequency was found to be .436 Hz, or in very 
close agreement with the cantilever analysis. The first 20 
elastic modes can be identified as solar array modes. Bending 
of'the primary structure, MDA, AM, and SIV-B is not evident 
until the 2 1 s  mode at 7.61 Hz. 
bending frequency had been found by the Martin Company to be 
7.4 cps, but with a 4% higher mass because the engine and thrust 
cone had not been debted. A 2% allowance in frequency because 
of the mass difference would bring these two analyses into agree- 
ment. The first longitudinal mode of the primary structure is 
the 30- elastic mode at 20.7 Hz. 

The lowest primary structure 

th 
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5. The computed values of frequency are given in Figure 1. 
The mode shapes of the 1-, st 2-, nd 21-, st and 30- th elastic modes and 
one rigid body mode are included for illustrative purposes as Fi- 
gures 2 through 6 .  Reference must be made to Figure 2A for iden- 
tification of the mode shape degrees-of--freedom. All of the 138 
mode shapes are available from the author. 

2031-HES-jct 
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Attachment A 

TECHNICAL APPROACH FOR ORBITAL WORKSHOP 
STIFFNESS AND MASS MATRICES 

1.0 GENERAL PROCEDURE 

The procedure used to generate the composite stiffness 
matrix for the structure was to develop submatrices for major 
portions, using either beam or truss analysis. Matrix reduction 
and multipoint constraints were used to reduce and join these 
submatrices into one total stiffness matrix, reducing the 
degrees-of-freedom from a total of 732 to 138. 

Beam analysis was used for the SIV-B, MDA, AM, and 
solar arrays, while a combination beam and truss analysis was 
used for the AM support trusses. Reduction in size and axis ro- 
tation of the support truss and solar array stiffness matrices 
were performed. 

2.0 SIV-B STAGE 

Cross sectional property profiles from Boeing document 
D5-15206-3-TN, Configuration I11 SA-500D Dynamic Analysis (Pre- 
liminary of 5/65) were used to develop the SIV-B stiffness matrix. 
Seven nodes were used along the center line of the SIV-B with six 
degrees-of-freedom at each node. Node locations are shown in Fi- 
gure lA, with nodes 1 through 7 being for the SIV-B. Degree-of- 
freedom identification is given in Figure 2A. The members were 
divided in five segment between nodes, and the cross sectional 
properties used are listed in Table 1A. These properties were 
used as axi-symmetric. 

3.0 MDA/AM 

A beam analysis was also used for the combined MDA/AM, 
nodes 8 through 14 of Figure 1A. Degree-of-freedom identifica- 
tion is shown by Figure 2A, and the cross sectional properties 
used are tabulated in Table 2A. 

4 . 0  AM SUPPORT TRUSSES 

The AM support trusses are made up of a combination 
of pinned and fixed end members, some tubular and some square. 
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The truss general configuration and node locations are shown in 
Figure 3A. Nineteen nodes were used in generating the stiff- 
ness matrix for the fixed end members, with the stiffness for 
the pinned end member being added to the appropriate x, y, z 
degrees-of-freedom. The stiffness matrix is then collapsed, re- 
taining only the x, y, z degrees-of-freedom at nodes, 1-4, 13-15, 
18 and 19. Of these, node 15 is the connection point to the 
SIV-B and the others are connection points to the AM. This final 
27 x 27 (reduced from 114 x 114) fully populated stiffness matrix 
has axis rotations performed to find the stiffness matrices for 
the other three trusses. 

5.0 MULTIPOINT CONSTRAINTS 

The stiffness submatrices for the four AM support 
trusses were joined to that of the AM/MDA by use of multipoint 
constraints. That is, the displacement of nodes 1-4, 13, 14, 
18 and 19 of each of the four trusses were expressed in terms of 
the motion of nodes 8 through 11. Through use of matrix reduc- 
tion and multipoint constraints, the degrees-of-freedom of the 
AM/MDA plus trusses were reduced from 42 + 4 (114) = 498 to 54. 
Multipoint constraints were then used to constrain node 15 of 
each truss to SIV-B node 7. The final resulting SIV-B + AM + 
MDA stiffness matrix is an 84 x 84. 

6.0 SOLAR ARRAYS 

The 27' (attachment location) solar array was modeled 
as a network of 15 beams and 16 nodes; the cross sectional pro- 
perties used being shown by Table 3A (obtained from the Martin 
Company). It was next reduced to 10 nodes, with 6 degrees-of- 
freedom at the node to be used to join the array to the SIV-B 
(SIV-B node 5) and three degrees-of-freedom at the other nine 
nodes. An axis rotation was used to find the reduced stiffness 
matrix for the 16O (attachment location) array. These two ar- 
rays were then joined to the SIV-B node 5 by use of multipoint 
constraints. The eighteen arrays nodes and 54 degrees-of-freedom 
are shown in Figures 1A and 2A. This operation completed the 
final 138 degree-of-freedom stiffness matrix. 

7.0 MASS MATRIX 

Nodal masses and inertial were lumped at only those 
nodes and degrees-of-freedom retained in the final system. The 
component weights used for this preliminary analysis are shown 
in Table 4A, with the nodal distribution shown in Figure 4A. 
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TABLE 3A 

SOLAR ARRAY CROSS SECTIONAL PROPERTIES ( l b - i n  UNITS)  

1 1 . 2 7  22.5 611 .9  

4.78 9.6 1 2 8 . 7  

D i s t a n c e  
From I V B  

0 - 1 1 . 6  

1 1 . 6 4 3 8 9  

2675 .7  

1 5 2 9 . 5  

D i s t a n c e  
From B e a m  
F a i r i n g  

0-38.4 
38 .4-120.4  

1 2 0 . 4 - 1 7 5 . 1  
175 .1 -311 .8  

1 . 0 5  
1 . 0 5  

1 . 0 5  
1 . 0 5  

4.2 
4.2 

4.2 
4 . 2  

957 .6  

957 .6  

957 .6  
9 5 7 . 6  

3 . 9 1  

4 . 7 2  

3 . 0 1  
1 . 1 7  

1 5 7 5  

220  

. 9 6  

. 9 6  
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ITEM 

AM 

TABLE 4A 

PRELIMINARY ORBITAL WORKSHOP WEIGHT DISTRIBUTION 

NODES 

8 - 1 1  10  I 1 5 2  9 8 7 1  

1 /3  Trusses -308  

9563  
WACS,NOT 5 8 9  

MDA 

1 / 3  AM/Trusses 

MDAC WD KIT 

WACS P+S I&III 

M 402/487 MDA Deployed 

AAP-2 EXP Deployed 

AFT SKIRT 

IVB -t IU 

Solar Array 

~ 

1 0 , 1 5 2  

1 1 - 1 4  4 , 7 7 9  

7 308  

3 1 4  6 I 1 1 2  

3 (1 /2 )  839  

3 1 4  1 , 2 2 1  

4 1 5  2 I 089  

3 9 7 0  

1 -7  20  , 2 1 1  

5 ,15-32 3 I 958  

5 0 , 6 3 9  
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SAT V COORDINATES 

AMlMDA COORDINATES 
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NOT TO SCALE 
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NODE - 
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20 
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22 
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26 
27 
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27' ARRAY 
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-39.5 
-39.5 
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FIGURE 1A - PRELIMINARY ORBITAL WORKSHOP NODE IDENTIFICATION AND COORDINATES 



NODE - 
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13 
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15 
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17 
18 

DO F 
NO 

1-6 
7-12 

13-18 
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37-42 
43-48 
49-54 
55-60 
61 -66 
67-72 
73-78 
79-84 
85-87 
88-90 
91 -93 
94-96 

DOF FREEDOM 
DI RECTI ON 

X,Y,Z,RX,RY,RZ 
X,Y ,Z, RX. R Y, R Z 
X,Y, 2, RX,RY, R Z 
X,Y, Z, R X, RY, R Z 
X,Y ,Z,R X, R Y, R Z 
X,Y,Z,R X, R Y, R Z 
X,Y,Z,RX,RY,RZ 
X,Y,Z,RX,RY,RZ 
X.Y.2, RX, R Y, R Z 
X,Y,Z, R X,RY, R Z 
X,Y,Z,RX.RY.RZ 
X,Y ,Z,R X, RY, R Z 
X,Y,Z,RX,RY, RZ 
X,Y ,Z,R X, R Y, R Z 
X.Y2 
X.Y.Z 
X.Y.Z 
X,Y.Z 

16'ARRAY 

NOT TO SCALE 

- XX = NODE NUMBERS 

NODE - 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

DOF 
NO 

97-99 
100-102 
103-105 
106-108 
109-1 11 
112-114 
11 5-1 17 
11 8-1 20 
121-123 
124-126 
127-129 
130-132 
133-135 
136-138 

27' ARRAY 

FIGURE 2A - PRELIMINARY ORBITAL WORKSHOP NODAL DEGREES-OF-FREEDOM IDENTIFICATION 
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NODE - 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

(#- IN 

1, MASS 

6.032 .216E5 
5.36 .109E6 
22.07 .447E6 
24.07 .329E6 
10.88 .143E6 
12.91 .199E6 
2.64 .342E5 
2.96 .865E4 
7.87 .209E5 
6.48 .164E5 
5.47 .19E5 
6.89 .24E5 
5.84 .192E5 
3.12 .97E4 I .408E4 I .451E4 
.741 I I 
.741 I I I I 
.741 I 
.446 I I I 

16OARRAY 

UNITS) 

l Y  I, 

.142E5 .142E5 

.336.E5 .336E5 

.432E6 .418E6 

.399E6 .407E6 

.236E6 .232E6 

.106E6 .98E6 

.172E5 .172E5 

.611 E4 .611 E4 

.148E5 .148E5 

.116E5 .116E5 

.134E5 .134E5 

.138E5 .138E5 

.817E4 .86E4 

0 

28 

NOT TO SCALE 

- XX = NODE NUMBERS 

a 
- 4 0  

NODE - 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

MASS 

.446 

.446 

.223 

.223 

.223 

.741 

.741 

.741 

.446 

.446 

.446 

.223 

.223 

.223 

- 

- 

2 z 
0 
z 
I- 

va z 
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N m 

0 
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d 

e 
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va 
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131.05 X 386.4 = 50,638 

27' ARRAY 

FIGURE 4A - PRELIMINARY ORBITAL WORKSHOP MASS AND INERTIA DISTRIBUTION 
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